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abstraet ¢ The deviction from the Schwingor formula is crlculated for
tho radintion corrcotion to tho magnotic moment undor the
assumption that the intogration with rospict to th: momenta
must bi4rostri(=tcd W an uppor 1limit \ , whorc h/ » _-'.710-13
-= 10°°% om, in comsotion wth th: rosHlis obtained By Landau
and Pomornnchuk (loforat Ziur Filzika, 1956, 16733, 21813, 21314)
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m 18 tho mass of tlo particle, Tor th:.* -m2gon, theOvnluc

of c( F mny turn out to bi, not too nmell,

APPROVED FOR RELEASE: 06/14/2000 CIA-RDP86-00513R000826620005-2"



"APPROVED FOR RELEASE: 06/14/2000 CIA-RDP86-00513R000826620005-2

= .~

R Y S S _uwuﬁém;_*.xgﬁgg
7 7 7 a <430
5/056/60/038/03/31/033
B006/B014
247700
AUTHORS Basov, K. G., Krokhin, 0. N.,, Popov, Yu. K.
TITLE:s Semiconductor Amplifierd’{snd Gomeratoré’SWhose Carriers Have

a8 Negative Effective Mass

PERIODICALs Zhurnal eksperimental'noy i tooreticheskoy fiziki, 1960,
Vol. 38, No. 3, pp. 1001-1002

TEXT: Kroamar (Ref. 1) made the suggestion to use carriers with a
negative effective mass in semiconductors for the amplification and
generation of electromagnetic waves% since negative losses will thus
occur during the motion of ocarriers in the field. In order to produce
such states it is advisable to use a constant electric field. In the pre-
sent "Letter to the Editor" the authors demonstrate that it is impossidle
to produce states with negative losges dy using a conatant electric
field. The condition wf(e2)[1-f(€1)]n(2~w§—vf(&1)[1-1‘(22)311(»'“‘-:)-

= wn(ha) {f(&z)of(£1)} > 0 must be satisfied for tho energles t, 7 €,
(f{.) ifo the electron distridbution funotion, n(h~) is the number ofl><'
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Semiconductor Amplifiers and Generators Whote $/056/60/038/03/31/035
Carriers Have a Negative Effective Mass BO06/B014

photons of an energy hw = 62-61, w is the probability of spontaneous emis-

sin). To obtain amplification, it was necessary that 3r(e)/d: ~ 0, at
least at some points of the range 52-61. This is nowhere the case if

thermodynamic equilibrium is to be maintained. Direct calculations
(Refs, 2-5) have shown that it is impossible to disturd thermodynamic
equilibrium so strongly that df(:)/de > 0, if E = const, as was assumed
by Kroemer. Also if in the case of anigsotropio zones some components

of the mass tensor are negative for certain values of the quasi-pulse,
df/de >- O cannot be attained if E = const. This is due to the fact that
in the case of semiconductors the interaction constant for acoustiocal
and optical phonons is of the same order of magnitude. For a system of
semiconductors with negative losses it is therefore necessary to obtain
ntates with negative temperatures if 3f/3¢ >* 0. There are 6 referencesn,
3 of which sre Soviet,

ASSOCIATION: Fizicheskiy institut im. P. N. Lebedeva Akademii nauk SSSR
{Physics Institute imeni P. N. Lebedev of the Academy of
Sciences, USSR)
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Semiconductor Amplifiers and Generators Whose $/056/60/038/03/31/033
Carriers Have a Negative Effeotive Masa BO06/B0O14
SUBMITTED:  December 17, 1959 X
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7, 2870 8/056/60/038/005/034/050
BO06/B06
24.7700 /B063
AUTHORS ; Krokhin, 0. N., Fapov, Yu. M, \

TITLE; Slowing-down Time >f Non-equilibrium Carriers in Semicon-
ductors
PERIODICAL: Zhurnal eksperimen:al'noy { teoreticheskoy fiziki, 1960,

Vol. 38, No. 5, pp- 1589-1592

TEXT: The determination of the slowing-down %ime of minority carriers is
particularly important to the development of quantum-mechanical semicon-
ductor generators and amplifiers. Negative losses in semiconductors may
ocour if the production time for negative temperatures in then (slowing—
down time) is shorter than the lifetime of the produced external excitations
of fast electrons and holes. The authors regard those electrons (holes)

as minority (fast) carriers, the infitial energy £ _ of which is considerab-
ly higher than the mean thermal or degeneration energies (if the gas is de-
generate), but not higher than the threshold energy of impact ionization of
the valency band. In sufficiently pure crystals of regular shape, the
8lowing down of electrons is due to scattering by lattice vibrations. Im-
purities and defects need not be taken into account. The following

Card 1/3
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3lowing-down Time of Non-equilibrium 5/056,/60/038/005/034/0650
Carriers in Semiconductors 1006/8063

calculations, which are only made for electrons of the conduction band,
hold analogously for the holes of the valency band. The calculations pro-
ceed from the equation of motion for the eleotron distribution function
f(ﬁ) in the orystal, taking the Fermi degeneracy of the electron gas into
account, In order to investigate the slowing-down of electrons in the ab-
gence of an electirioc field and with £(p) = f(£), where € is the electiron
energy ( € = p2/2m), the authors first give expressions for ar(e)/at,

the electron lattice collision time t, the energy state density Q(g), and
the variation of the mean electron energy in time dE/dt. By use of these
relations they study the slowing down of a single electron without con-
sidering degeneracy. f(€)e(€) = 8(€ - E) holds in this case. The case of an
acoustic phonon is treated first. For the slowing-down time from E_ to E
due to electron scatteringsby acoustic lattice vibrations one obtains:

-1/2 _=1/2 1/2 2 i
t - (2/80)(E -E, )i a = 2(2m) /“u /lac(T)LT. where 1_ is the mean

free path of the electron in soattering, u ia the velocity of sound, and T
jg the lattice temperature. Next, the authors investigate the slowing down
of a fast eleotron by optical lattice vibrations of a valence-type semi-
conductor. An expression is derived for topt' Furthermore,

card 2/3
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Carriers in Semiconductors B006/B063

topt/tao & 1072 holds. In the following, degennracy is taken into acoount

and the slowing-down times are compared with one another, both regarding
and disregarding degeneracy. It is found that the 8lowing-down time is

not essentially influenced by taking degeneracy into account. N. G, Baaov
is thanked for discussions. B, I. Davydov and L. V. Keldysh are mentioned.
There are 5 references: 3 Soviet, 1 US, and 1 British.

ASSOCIATION: Fizicheskiy institut im. P. N. Lebedeva Akademii nauk SSSR
(Institute of Physiocs imeni P. M. Lebedev of the Academy

of Sciences USSR)

SUBMITTED: December 17, 1959
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AUTHORS: Basgov, N. G., Krokhin‘ gi H., Popov, Yu. M.
TITLE: The Possibility of an Application of Indirect Transitions

to Produce Negative Temperature in Semiconductors.

PERIODICAL: Zhurnal ekaperimentai'noy i teoreticheskoy fiziki, 1960,
vol. 39, No. 5(11), pp. 1486 - 1487

TEXT: 1In some semiconductors, especially in germanium and silicon, the
infrared emission and absorption edges correspond to the indireot tran-
sitiong, that is during emission and absorption of a photon emission or
absorption of a phonon takes place simultancously. The long wave emission
corresponds to simultaneous emission of photont+phonon on these iransi-
tions. In a sample with a low enough temperature where the phonons
necessary for absorption are missing in the lattice, the emission with
the longest wave will not be absorbed and hare the sample will be prac-
tically transparant. If the earrier concentwation ie increased with
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The Possibility of an .policution of 8/056/60/039/005/051/051
Indirect Transitions to iroduce Negative B006/BOT7

Temperature in Semicondiciors

respect to the e:uilibri.l concentration by means of any mechanism
(exposure, electric ield ete.) then under certain conditions a negative
temperature should occur with respect to the considered transitions.

The conditions for such i process should be: wrﬁwf <1Teff/T, vhere W

and(df is the photon und phonon frequency, T the temperature of the
sample and Teff the cifcetive temperature where the levels of the con-

duction band with resvect to those of the valence band are filled. For
germanium would hold ur/af~25 and thus T _../T>25, which would be ful-

filled for a sample ut helium temperature if the excitation is brought
about by a radiution source or an external electric field. There are
10 references: 1 Soviet, 8 US, 1 Czechoslovakian.

AS30CIATION: Fizichoskiy institut im. P. N. Lebedeva Akademii nauk S3SR
(Physics Institute imeni P, N. Lebedev, Academy of Sciences

USSR)
SUBMITTED: October 3, 1960
Card 2/2
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AUTHORS: Basov, H. ¢., Krokhin, 0. N,
btshdun-
TITLE: Conditions for Electron Exocitation of Negative Temperature
Btates in a Gag Mixture
PERIODICAL: Zhurnal ekaperimental'noy i teoreticheskoy fiziki, 1960,
Vol. 39, No. 6(12), pp. 1777-1780
TEXT:

which the atoms have the same energy levels.

publications by Sandors, Javan,. 3, G. Rautian

Ferkhman, 8.

other. This hap a great influence on the diatribution of excited states
among the atomg. Following the results obtained by Javan, the authors have
studied the case where the energy levels coincide, on the assumption that

Card 1/3
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A study has been made of the conditions, under vhioh negative
temperatures may ocour in a gas discharge of a binary gas mixture, in
Experimental and theoretical

Frieh, V. K. Adblekov, M. S, Peain, and I, L. Fabelinsgkiy are
discussed in the introduction., Javan has shown that ip a binary gas
mixture, in which two energy levels of diffarent atoms are very close to
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Conditions for Electron Exoitation of Negative 3/056 60,/039/006/051/063
Temperature States in a Gas Mixture B006/B063

Te» Ta. If the lifetime of an excited stata were only dcpendent on col-

lisions of gecond kind between electrons and atoms, the number of exoited
atoms would be given by Ni-Nooxp(-ei/kT.), vhere €; is the excitation

energyj No is the number of atoms in the ground statej and Te is the

electron temperature, On account of the conversion of excitation energy
into kinetic energy and due to radiation Processes, Ni is actually much

smaller, This fact ig considered by referring the temperature only to two
levelg {i‘ = £ of the atoms of the €ases & and b. For such levels it may

be assumed that the interaction cross section for the atoms has a resonance
character, Consequently, the excitation transfer between atoms a and b is
considerable. Such an interaction between E.: and Er can lead to a

leveling of temperature, If, for example, T,? is first greater than T}L’, 13
vill be excited with a temperature T:')'I‘:', and a negative temperature ig

likely to ocour betwean the level 8,: and a level E: (&?, whose temperature

a
i

Card 2/3
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Conditiong for Eleotron Ex
citatio
Temperature States in a Gas Hixtu?eor Tegative géggjéggéb39/bos/os1/oss
8 &/8y.a'

" < (Ei/ék)Ti. Several relatiens are derived for some detatls of these
conditions. There are 1 figgro and 6 raforenoeq: 4 Soviet a;d 2 US
ASSOCIATION: Filzicheskiy institut im. P. N, Lebedeva Akademij nauk SSSR

(Institute of Phyai
Sclences USSR) .hyﬂ ¢s imeni P. N. Lebedev, Acadeny of

‘.

SUBMITTED:  July 22, 1960
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AUTHORS : Bapov, N. G., Krokhin O.

RO —

TITLE: Generation, Intensification, and

PERIODICAL: Uspekhi fizicheskikh nauk. 1960,
Fp. 161 - 209

TEXT: The present Paper gives comprehensive survey of the theory
the possibilities of application, and the preperties
gererators and intensifiers. In the introducticn the

the sources c¢f alsctromagnetis radiation whizh

groups {thermal siirce, luminescence source. an

wrizh d1ffer above ail by the width of the em:s
then 4iscuss the principle of *he generatisn an
waves: which 1s bassd cn the induction of trans:
systema (muleculeg, atoms, ions, etc.). Molecul
Pararagnetis intensifiers may be used for “he £
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W.., and Popov, Yu M.

Tgnte:tion of Infraragd A
and Optical Radiation by Meuns of Quanfinm Systéms

itions in q1antun

85900

L

Vol. 72, No. 2
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Generation, Intensification, .. 3/053/60/072/002/001/003
Detection of Infrared and Optieal B006/B06T

Radiation by Means of Quantum Systemsg

of the dipole moment between the levelsg concerned, n the number of the
active particles, and Ay the spectral line width. The quantity X onters
the sondition of the self-excitation of the generators and determines
the intensification coefficient of the intensifier, ag ig shown in

part 8. In molecular gages K is in the cn range only 1/103 ¢ tpe
valie it has in ¢rystals of paramagnetic icna. Similar ccnditions
prevail also irn the infrared. Henze the uge of s0lid: seems to be the
most promising. The present paper which glives a survey f published
1ata uni the resultas obtained 1in 4higs fiell is preaented in the follyw-
ing way: Chapter I, methods of cbtaining states in systems wi1th
negative temperatures. The theory of negative temperatizesy sor
<f molecules by means of an inhomcgensecus 9lectiriec op magne* .-
~h molecular beams; the axcitation of gas nolecuias by means of gasn
iischargs; momentun method of producing negativa temperatures in gzemi.
2ondictorsy production of negative temperatures .n semiconductors

betwsen jevelg lying within gne conduction tand ("amplifier ¥ith
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€, 3000 (2105, 110§, //38’) B105/B215
AUTHORSs Basov, N.G., Krokhin, 0.N., Popov, Yu.M.
e
TITLE: Generation of ocoherent light by means of solids

PERIODICAL:s Vestnik Akademii nauk SSSR, no. 3, 1961, 61 - 66

TEXT: A short survey is given on methods of producing generators for op-
tical and infrared radiations, in which quantum transitions among energy
levels in solids, luminophores, and semiconductors are utilized, Infrared
and optical generators are mentioned which are based upon the principle

of induced radiation in quantum systems of negative temperatures (n.a,
Basov, A.M. Prokhorov, 1954), highly coherent radiation sources of lumi-
nescent substances in infrared and optical spectral regions, exciting by o
strong optical radiation (T.G. Mayman, D.F. Nel®son, A.L. Shavlov, P.P,
Sorokin, 1960). The production of such sources is closely related to the
problems of interaction between radiation and substance, structures of the
energy levels of ,the substances, probability of radiation and nonradiation
processes, S.I, Vavilov contributed considerably to the solution of these
problems. The action of permanent afterglow of organic luninophores which
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have been discovered by 8.I, Vavilov and V.. Levshin (1928) possibly ie
used for oreating new sources of light. P.P, Feofilov (student of S.I.

Vavilov) together with L.N. Oalkin studied (1957) 1in detail absorption
bands and emission of UH++ in caloium fluorite, Resonators are used to
inorease the interaction between radiation and substance of negative teme
perature (4.M. Prokhorov, 19563 A.L. Shavlov, 1958), Purthermore, a report
is given on the generation of optical and infrared radiation by applying
activaters in corundum and calcium fluorite, The optical radiation source
used was a corundum crystal (A120 ) with of Cr 03 impurities (0,05 per
cent by weight). The wide absorpzion band of the”transition level

4A2 to 432 corresponds to a wavelength of ~~5600 A, Figs 2 shows a sche=-

matic representation of the uranium ion level in the calcium fluorite ory~
stal. Some methods of oreating negative temperatures in semiconductors
are recommended (N,G, Basov, B.M, Vul and Yu.M, Popov, 1958) for gene-
rating infrared and optical radiations by semiconductors, Negative tem-
peratures of semiconductors can be reached by intrazonal electron-hole
transitions, and by intrazonal transitions and transitions from the base
region to the level of impurity atoms. So far, there exists no general
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Generntion of coheront light ,,, B3105/32
ion of the lifetime of nonequilibrium carriers in
seniconductors. The difficulties arising in connection with high 4 high
excitation ¢nergy, disappear when indirect transitions in germanium and
8ilicon semiconductors bre utilized (.G, Baaov, 0.N, Krokhin, and Yu.),
Popov, 1960). fThe minimum energy in the conduction band of these semicon-
ductors, and the maximum energy in the valence band correspond to different
values of the quusi-momentunm of the electron (Fig, 4). The longest long-
wave radiationg correspond to the transition of the electron from the mi-
nimum conduction band into the maximum valence band, and at the same time
a phonon is emitteq so that the sum of the energies of photon and phonon
equals 4, The wicth of the spontaneous radiation line in gemiconduc-
tors equals x?, 1In nemiconductorsb & change in frequency by superposition s
of a magnetic field of ~1,5°10~2 %% is posuible due to the low effective
Carriér.- moas m, For germanium it is 104 Zf the radiation frequency of
intrazonal transitiong in fields of E~10 Gauss, Probably it wil1 soon
be possible to develop generators of infrared and optical radiation which
cun be uged in lnboratories, and also in various fields of science and
technology. There are 4 figures,
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92574 (a1ss 158,19 5c) 203 7/ P
AUTHORS: Basov, N.G,, Krokhin 0.N., and Popov, Yu.M.
TITLE: Generators and amplifiers of 11,4t

PERIODICALs Priroda, no. 12, 1961, 16-25

TEXT: This article deals with the development of quantum radiophysics and
the theory, development and application of generators of monochromatio, opti-
cal and infrared radiation. 1In 1952, a new principle of generating and
anplifying electromagnetic radiation in quanta systems, based on induced ra-
diation, was proposed by N.G. Basov and A.N. Prokhorov. In 1954-55, the fimt
quantum genexrators of the eleotromagnotic waves of the centimeter band,

based on induced radiation, were built. Quantum amplifiers of the centime-
ter and decimeter wavebands, used for increasing the sensitivity of receiv-
ing equipment and proposed for the first time in 1956 by N. Blumbergen, are
based on the 3-level system studied by H.G. Basov and A.M. Prokhorov. OQpti-
cal generators, based on the same principles, were proposed for the first
time in the USSR in 1957-58 by Basov, Prokhorov, B.M. VYul and Yu.N. Popov.

It ia %ated that world-wide attempts are being made to use quantux systems
Card 1
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Generators and amplifiers of light D037/D113

for the creation and development of generators and amplifiers in the meter
and J:raviolet wavebands and possibly also in shorter wavebands. The
authors give a very general explanation of resonance absorption, induced and
spontaneous radiation, and quanta systems working with "negative tempera-

ture”. They point out the need to develop devices ensuring the possibhility
of obtaining monochromatic radiation with the aid of media of finite dimen-
sions, suggesting in this connection the use of a system of parallel mirrors,
In radiowave generators. the parallel mirrors are replaced by a resonator
which can concentrate ail radiation energy on one type of oscillation, thus
snsuring high-direotivity radiation and monochromatizatiun. Discussing ge-

srators of optiocal and infrared radiation, the authors describe two types
of generators,one of them using a aixture of holium (pressure 1 mm Hg) and
neon (0.1 mm Hg) exoited by low~temperaturs discharge amd enclosed in a
quartz envelope. In the second type; spectral radiation lines of various
solids, mainly monocrystals excited by intensive optical radiation are used.
The mrrcrystal of a synthetio ruby has latterly been replaced by uranium and
samarium ions in ocaloium fluorite. Scmiconductors,uzod instead of lumines-
cent crystale in optical and infrared radiation generators,also give very
good r;aults: accomplishment of electrical excitation methods; high density e
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of the excited centers, and the possibility of changing the generation rate
in the magnetic field. In the high light concentrations of optical waveband
generators; the 1light pressure may be up to 1 million at, and may be used
for studying the properties of substances on strong electrical fields, gc-
celeration of charged particles, acceleration of chemical reactions and
exact processing of various materials. Soviet scientist V,A., Fabrikant is

mentioned in connection with Tresearch work in this field. There are 8 fi.--
ures and 2 Soviet-bloc references.

ASSOCATION: Fizicheskiy institut im. P,N, Lebedevsg AN SSSR(Ioskva)
(Physics Institute im. P.N, Lebedey of the AS USSB[i(escoy])

APPROVED FOR RELEASE: 06/14/2000 CIA-RDP86-00513R000826620005-2"



"APPROVED FOR RELEASE: 06/14/2000 CIA-RDP86-00513R000826620005-2

BASGV, N‘G,'; KRCEHIN, O.N.; PCPOV, Yu.M,

Using indirect transitions in se

miconductors for determint
states with negative absorption coefficionts, Zhur. eks: ng '
teor. fiz, 40 no.4:1203-1209 Ap '61, (H.iRA 14:7) -

1. Fizicheskiy institut imeni P.N Lebed
N eva AN SSSR.
(Semiconductors) (Quantum mechanics )

AT N T s g WO e B DTS T e T

APPROVED FOR RELEASE: 06/14/2000 CIA-RDP86-00513R000826620005-2"



"APPROVED FOR RELEASE: 06/14/2000 CIA-RDP86-00513R000826620005-2

. 25208
S/056/61/040/006 /029 /0% 1
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A”THORS: BEEGV. I Goy Kl‘okhin, 0. Nc, POPO'«', Yu. M.
TITLE: Production of states with negative tenmparature in the

I-n-Junotiory of degenerata semiconductora

PERTODICAL: Zhurnal aekoperimontalno }
X0, ¢ ¥y 1 teoretionaskny f1z1ikt. v, 4r
no. £, 1961, 1879-1880 A

TEXT: When applying a voltage in forward diresticn cf o pen-junntion {n

a semidsonduotor the oonocentration of the minority oarrinra 1n5r;iunn

noar the pen Junotion. The maximum aendantration of thona carrtarnA
oorrouponqq ‘o the ocomplete compunsution of *ho potenttui burrier by an
oxtornal fiald., T corrosponds nlmest to thaat purt of *ho Aryaral ;hdrn {
toa sarriarn nra majority ouarriora. (In thip casa tiw ren Juncilon i
recarded 2t noucare Juns*iond.  Tha nagative TARPOTL W0t thae hand ctna
bard traansitieons ~yayupn enly whon the Fermi quaatelarnly rcrrnapondtn; J
thod:onmquilibrium 2oncentratione of tha alevtran: ur| hélnn M?Mfybth:
conditien Wy ¢ by > (1). In this case 4, end i dunota tio Fernmt
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“quasi-lavels" of tha alectrosns and holea, and & +*he »id+h of the
forbiddan band. Winn applying a voltage in forward direaticr ta a pop
Junctien the carriern muiat be degonarata ar least in ape part of the pon
Jancsion.  Senmteonductars with sy P-n Juneticns preved to be tuppel
iicdes, tha mechunlan ~f tha pocurrance of *hese atn'er 41°1 nogative
Yamperatare atudtad hare does net correspond to the tunno} part but e
‘he v2l*-ampare par! f tha churactoristics ¢f the tunped di~de, In “ha
fen junctlopg ¢t *ha ttrongly degunerate semiconductera 8 atatn with
nagative tamporatura roucurs bafere the patantial varrier 9 wompletely
nompensatad., Theratore, the dispersion thaory of a suryent rausing
through a p-n Junztion can be uoed for qualitative estimu®iony, Thna

pinimum value of tho external voltage Umn &t which a 9's*e wi'h nagative

energy still oocura, {3 Uy « O/e whore e fu the charga of the aleotron,

min
The order of magnitude of the ourrent dengity s I~~-(r‘.lmp/L,‘axp(eU/k’I‘)

whare D danntaep *he diffuasion confflolent, I, the diffunton length, and
np the electron denvity in the p-range of the nemiconduntor., The ourrent

density decreases with inoreasing degeneracy and also witn ducroasing
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8/056/61/041/003/020/020
G 4197 /,/3() B113/B102
AUTHORS ¢ Basov, N. 0., Krokhin, 0. N., Lisiteyn, L. M., Markin, Ye.P.,
Osipov, B, D.
TITLE: Negative oconduotivity in induced transitions LA(

PERIODICAL:  Zhurnal eksperimental'noy 1 teoreticheskoy fiziki, v, 41,
no. 3(9), 1961, 988-989

TEXT: In indirect transitions the carrier noncentration at which a
negative temperature occurs relative to the band-to-band transition, is
comparatively small. It is by some orders of magnitude lower than the
ooncentration at which a negative absorption coefficient exists for photons
with an energy that is comparable with the width of the forbidden band.
For the existence of a negative absorption coefficient it is necessary
that the probability of induced photon emission in the band-to-band
transition considerably exceeds the photon absorption probability in the
inverse process in order to compensate also absorption in inner transitions.
The processes, however, that are connected with internal absorption
practically do not influence conductivity since they do not change the
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8/056/61/041/003/020/020
Negative conduotivity in induced... B113/B102

total number of free oarriers. The band-to-band transitions which are in
8 state with negative temperature and which were induced by photon
irradiation, reduce the numder of free carriers and lead to a decrease in
conductivity. Hence, the semiconductor which i1s {n a state with negative
temperature relative to the band-to-band transition is bound %o have
negative photoconductivity when irradiated with photons, whose energy is
almost equal to the width of the forbidden band. The measurement of the
spectral dependence of the semioconductor photoconductivlty permits the
determination of the states with negative teaperatures also with lacking
negative absorption coefficient. The authors made experiments for the
production and observation of states with negative temperature in

silicon. The specimen was irradiated at 40K with light of & wavelength
smaller than 0.7 u which considerably increased its conductivity. Upon
additional irradiation with weak monochromatie light a conductivity
reduction (negative photoconductivity) a8 ovacrved for a serjes of
specimens in a narrow band of wavelengths near 1.1 u. It can be assumed
that the conductivity decrease observed 18 due %o the existence of a state
with negative temperature, However, also other explanations, such asg
impurity photooonduutivity, are possibla. [Abatracter's note: Esgsentially
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Nogative conductivity in induced... g{?g%%gou/oo;/ozo/ozo

complete translation.] There are 3 Boviet references.
ASSOCIATION: l(’;;;:r::k;: :Etitut imn. P. R. Lebedeva Akademii nauk SSSR
8 ute imeni P, N.
Sotances 1398) P. K. Lebedev of the Academy of

SUBMITTED:  July 13, 1969
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AUTHORS: dasov, N. G., Krokhin, 0. N., Orayevekiy, a. H., Strakhovskiy,

G. M., Chikhachev, B. M.

TITLE: Investigation of relativistic effects with the aid of
molecular and atomic frequency standards

PERIODICAL: Uspekhi fizicheskikh nauk, v. 79, no. 1, 1961, 3 - 59

TEXZ: The present paper gives a survey of experiments verifying the
general theory of relativity, some problems in special relativity theory,
and cosmological hypotheses by means of molecular and atomic frequency
standards. V. L. Ginzburg (UFN, 59, 11 (1956); sb. "Eynshteyn i
sovremennaya fizika", W., Gostekhizdat, 1956, atr. 93 - 139) made
suggestions for the experimental verification of general relativity theory.
By means of cesium frequency standards with two separate resonators, an

absolute frequency stability of t1.5-10-10 wan attained., A& further

improvement of the stability of cesium stardards requires the use of
narrower speciral lines. With siow molecule beams, an absolute stability
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5/053/61/475/G51/001/603
Investigation of relutivistic effects... B125/B108

of up to 10_12 was roached. A cerlain increase of stability may be
attained using a beam of thallium etoms inntead of cesium, Up to now,
however, the authors have no information on such use of thallium. The
electrical resonance method, i, e., the use of spectral lines of a
molecular beam caused by transitions between rotational levels, guarantoees
the same stability as in cesium standarde. The frequency standards relying
on spectral lines of monatomic alkaline metals permit very sensitive

indications, Quartz resonators, too, q%ve a stability of 10-10 and, when

immersed in liquid helium, even of 10 « The power of molecular
generators has to be amplified by means of a low-noise amplifier (e. g+,
IBB(LBV)) and an amplifying klystron. Self-tuning is necessary for high-
precision frequency measurements. In measurements of the gravitational
frequenoy shift by means of molecular generators on board of artificial
satellites, the influence of the first order Doppler effect has to be
eliminated. This ocan be done, for instance, by an exact measurement of
long time intervals on the Earth and on the satellite with subsequent
comparison by radiocommunication. Another method of this kind is based on
the mixing of a oignal emitted from the Earth (frequency f) with the signal
Card 2/4

I

APPROVED FOR RELEASE: 06/14/2000 CIA-RDP86-00513R000826620005-2"



"APPROVED FOR RELEASE: 06/14/2000 CIA-RDP86-00513R000826620005-2

5/055/61/G75/501,031,/203
Investigation of relativistic effects... B125/8108

of a molecular generator.on the satellite (frequency 2f). Ionospheric

8nd tropospheric fluctuations have to be taken into account. Measurementes
of the gravitational shift of frequenoy are bteing proparead (Sci. Nows
Lott., 76, 35 (July 18, 1959)). The gravitational shift may be measured
from two points of different altitudo on the Earth's surface (mountain)
#ithout the use of satellites and, therefore, without consideration ?8 the
Doppler effect of first and second order.. For H = 3.2 km and £ = 10 cps,

Af = 5.4-10-3 cps. At present, two first-crder experiments are known for
the verification of special relativity thecry. 1In one of thenm (proposed
by Mgller and carried out by Townes), two inversely directed beams of
excited am:onia molecules were sent toward each other through the horizontal
resonators of" two molecular generators mounted on h rotatable plate. The
expected frequency deviations were not found in these experiments., The
other first-order experiment with respect to (v/c) is based on the
measurement of the phane difference of two nonsynchronized molecular
generators placed on a rotatable base at a diatance of a few meters. Some
cosmological effects may be verified experimentally by means of highly
stable atomic clocks. An idea of V. A, Fok (G. M. Strakhovskiy, Doklad
na Lom;noaovakikh chteniyakh v MGU, 1958) concerning singular referenoe
Card 3/4
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Investigation of relativistic effects,,. B125/B108

systems is mentioned. The variations of, the gravitational constant

(83'- g.10-10 within a year, according to Dirac) can be verified by
Comphrihg 'the motion of a high-precision atomic clock with the revolution
Period of an Earth satellité. "The eccentricity of the Earth's orbit may
also have ag influence on_the gravitatisonal constant, The hypothetical
time dependénce u/a ~1072 dg/g of the fine structure constant a (L. D.
Landau et al., DAN SSSR, 95, 497, 773, 1177 (1954)) can be verified
experimentally by comparing the motion of two atomic clocks of different
types. 'The character of grayitation may be determined by another series
of experiments. Theras are 31 figures and 113 references: 47 Soviet.and
66 non-Soviei, The three most recent refersnces %o English-language
publications read as follows: Mipsiles and Rockets, No. 1, 1961, p. 34;
B. H?Ifgagn, Phys. Rev. 121, 337 (1961); S, M. Bergmanz, J. Appl, Phys, 31,
275 (1960). ,
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ACCESSION KR:  AT3002086 $/2921/62/000/000/6093/0095
~UTHCR: Hasov, N. G.: Krokhin, 0. N.; Popov, Yu. M. 44/

TITLE: State with negative temperature in p-n transitiong of degenarate
senicondluctors ‘ .

SOURCE: Elektronno-dyroéhnyye perekhody v pcluprovodnikakh, Taahkent,A
Izd-vo AN UzSSR, 1962, 93-95

TOPIC TAGS: semicondustor negative temperature, population inversion,
semiconductor interband transition, negative absorption coofficient

ABSTRACT: Population inversion with rospect lto interbanrd transitions is '
possible only if at least one typo of carrier is degenerato. Since transitions
ol this type are referred to the diffusive portion of the volt-ampera LA
charactoeristic, negative tomperature can be expected in a rogion, near the
p-n transition, whose thickness is of the ordor of the diffusion length.
although oryogenic troatment can produce a population inversion at any value
of current density, however amell, a comparatively high noroquilibriun
concentration of minority carriers is necessary 4o bring the value of the

CIA-RDP86-00513R000826620005-2"
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regative absorption coefi‘iciong close to unitr.. The authors compute that
a current density of 10 amp/cm* is required 5.1,{ order to achieve a denaity
of the injected minority carriers of 1047 cm™-, assuzing a diffusion
coofficient of 10 cx</sec and carrier lifetims of 10-10 geo.

ASSCCIATION: none
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AUTEOR: Krokhin, O. N.

TITLE:
in gsemiconductors

PERICDICAL:

TEAT:

1t was demonstrated that at low tempe

306008

s/181 62/004/005/044/045
B101/B102

Negative avsorption through jndirect exciton recombination

Fizika tverdogo tela, v. 4, no. 3. 1962, 822 - a829

ratures the radiative

recombination from exciton gtates is more probable than the reconbination

of free carriers.
relatively low axoiton concentration.

In that way negative abs

orption can occur at a
The total radiation inteneity at

slight deviations from equilibrium concentration is:

aI_ + aT, . a'(n'/T)(ﬁdekT)a_x{xz/Z + (2y

1/2/“3/2“5)(”eff/“offpefri OF

diation intensity due to free carrier recombinationj dIex

od per unit volume per unit time in the

ect exociton reconbinationy n' =

p' 18 the

carrier ¢o g of equilibriumj % jg the carrier lifetime

roferred %o indi
card 1/3
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s/1a}/62/oo4/005/o44/045 o
Negative absorption through... B101/B102

phonon energy; A is the minimum forbidden-band width; u is the exoityn

binding energy (u>0); R 1s the exciton radiusy u .. « (meka/Zuﬂ2)3 2,
2 3/2 2:3/2

Nose = 2(m kT/2n )3/2, Pogg = 2(m, kT/2nH 13/2 snere mgyes gy @ denote

the masses of the exciton, eleotron, and hole, respectively, Negative »
absorption occurs when the induced radiation, equal to nrdIex (nr is the -

40 -

number of quanta in the given oscillator), becomes greater than the A5
absorption by free carriers and excitons which is equal to Nc(du+don+ahp)dt|

¢ is the absorption crosgs section, K the number of quanta, and o the

velocity of light. From a discussion of Eq. (7) it follows that a L
negative coefficient of absorption can oceur in indirect exciton L
recombination in semiconductors at a departure from equilibrium ; -
concentration that is much leass than in recombination of free carriers,

There are 5 raeferences: 4 Soviet-bloo and 1 non-Soviet-blooc., The

reference to the English-language publication reads as follows: W, P. .
Dumke, Phys. Rev., 105, 139, 1957, L

Card 2/3
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BASOV, N. G.; KROKHIN, O, H.; POPOV, J. M. [Popov, Yu. M.]

Negative absorption coefficient at irdirect transitions in
' semiconductors. Acta phys Hung 14 ne.2 31231-240 '62,

1. P, N, Lebedev Physical Institute of the Academy of Sciences
USSR, Moscow, USSR, Presented by G. 8sigeti [Gyorgy Sziget;i]
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STRAHOVSKI, G.M, [Strakhovskiy, G.M.]; CIHACIEV, B.M,
[Chikhachev, B.M. : :
Possibility of studying relativistic affects with the aid

of the molecular and atomic standards of frequency. Analele
ot 16 no.2:183-146 Ap-Je ‘62,
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AUTEOR: Besov, N. G.j Krokhin, ‘0. N. ,g;_/’ L
TITLE: Trensformation of stropg monochromatic rediation into elaciric current
SOURCE: Fizika tverdogo tela, v, 5, no. 8, 1963, 2384-2386 !

TOPIC TAGS: semiconductor laser, light-td-electricity conversion, light-to-
current converter, iphomogeneous semiconductor laser, light transducer, laser
detector

ABSTPACT: It 18 sh that strong monochromatic radiation can be converted
into electric current?in an inhomogeneous p-i-n semiconductor with sironsly
degenerate p end n regions, Space-coherent monochromatic raddation 1s focused
on the semiconductor, producing electron-hole pairs, In this cese the chemical
potentiel in the electron region of the semiconductor (L) will coincide with
the Fermi quasi-level of electrons in the 1 region (K,), and the chemical po-
tential in the hole region (g,) will coincide with the Fermi quasi-level of the
holes in the 1 region (}lp). ecombination current cen be mede small 1f
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a " HRe * (P'p‘gv)'? nmd-l’.p"“p'

zone, respectively, ond T 1s the tempersture of the sample, These condftions
require strong degenerecy of the n end p regions, The potentiel difference

ecross the eemple will then be Hw/e, When current 1s produced, the ebsorption
foctor 1s a function of the current and the number of quenta absorbed per unit
time becomes (RaV + (I/e), where I is the current end V the volwe in which
recoubination occurs, The expresaion REY includes recombination in the i region -
es well as the recombination current. The efficiency fector n, i.e,, the retjio

vhere By and E, are enargies corrasponding to the adge of the electron and hole ‘
{
1

of the power at the loed R, to ebsorbed pover equals

IRy

(P'e"gc)’kT; | g
‘ i

tol{RAV + I/e)

For large values of 1 to be obtatned, two conditions wust prevall: I>e SR(W
and R, > Ry, vhere Ry 1s the internsl resistance of the device (mainly of the
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region). The efficiency can approach unity, Strongly doped regions form a
wavegulde along which tho radiation 1s propageted, Dimensions of ths 1 region
should be selected so es to ensure full ebsorptior. of the radistion., Another
po59ibility ldes in the utilization of the cchererco of the emisnoion to creatd
en optical cscillator emalogous to & semiconductor oscillator.

ASSOCIATIOR: Fizicheskiy inatitut im. P. N, Lebedeva AN 985R, Moscow (Phvsies !
__Institute, AN SSSR) .

v 2 : :
fi . JSUBMITTED: 26Apré2 DATE ACQ: 063ep63 ERCL: 00 |
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Summer schools of physice In France and Italy. Vest, AN
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Optical quantum generators using semiconductors. Friroda 51
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ACCL33I0N NR: AP3000510 : " 6/0020/63/150/002/0275 f0278 ;z

AUTIOR: Bugayev, V. §.; Basov, N. G, (Correspaiding Mezbor, AN SSSR); Bul, B. M.
(Correspoading Hember, AN 6SSR); Kopy*lovakiy, B. D.; Krokhin, 0, N.; MaFdn, .
_.Be Po; Knvoshchev, A. N.; Bhotov, A. P, ‘ ;

' 3 ?
TITLZ; Semiconductor quantum oscillator based xn the _Pra transition in GaAs
SOURCE: AN SSSR Doklady, v. 150, no. 2, 1963, 275-278

TOPIC TAGS: laser, galliuu arsenide laser, infiared

ABSTRACT: Ccherent emission has been obtained Irom p-n transitions on GeAs at
TTK. Toe current pulse length was less than 3 jisec and had a repetition fre- ;
qusncy of 50 pps. Threshold current density wau about 10+ smp/cm?. Crystal :
specimens were prepared by diffusing impurities into strongly doped CaAs to
Secure 2 sufficlently flat and optically hanogerieous p-n tronsition vith an

area of 103 m®. Two surfaces Perpendicular to the transiticn plene vers

glven optical flats and a high reflectica coefficient. The width of the nar-
roved line beyond the emissicn threshold was 1t05&. The sharp narrowing of
the line testified to the establishment of cavity feedback and cazzencezent of
oscillation. The brightness of the crystal, obierved through an infrared
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- T
mlcroscope, sharply increased upoa ¢rossing the “hreshold; the bright reglen of
the crystal was 10 to 15 K wide. ‘Two plictos of the bright regiccs are given,
corresponding to injection currents of 10anl 18 a. Increesing current dencity
reduced the width of the eaitting regioas, apparently becouse of the gtimulatad
reccoblnation procesges occurriag in an area of shorter initial diffusion
length. Sca Specimens manifested sinultaneous enissicn from two transitions ‘ Y
in parallel planes spaced X i apart, "The authors eXpress their thanks to L. S,
_Ya. Krol' for placing the monocrystals of galliuu arsenide at their disposal,

Yu. N. Kopolev, N. i. Borzunov, L. Y. Novak, and Yu. P. Zakharov for their help

with the work, and €o V. T. Haly¥shev ani-i. M. leoatovich for a wealth of

valuable advice." Orig. art. haa: 13 formulas and 3 £igures.

ASSOCIATION: Fizicheskiy institut im, P. . Lebedeva Akademii nauk SSSR

(Fhysics Institute, AN SSSR) g
SUBMITTED: 11Feb63 " DATE ACQ: I12Tun63 EXCL: 00 B
505 CDE: PH- RO REF SQOV: 007 OIEER: 003 '
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Conversion of intensive monochromatic Padiation into electric current,
Fiz, tver. tela 5 no.8:2384,-2386 Ag '63. (MIRA 16:9)

1, Fizicheskiy institut im, P,N,Lebedeva AN SSSR, Moakva,
(Radiation) (Electric currents)
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"Plasma heuting by laser radintion."

report presented at the Intl Symp on Laser Paysics & Appllcations, Berne,
12-1k Oct 6h.

Inst Physles im P.H. Lebedev, AS USSR, Moscow.
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"Plasma heating by lacer radiation."

report presented at the Intl Symp on Laser Phy3ics and Applircations, Bern, 12-1h
Oct O,

P N Lebedev Physical Inst, AS USSR, Moscow.

APPROVED FOR RELEASE: 06/14/2000 CIA-RDP86-00513R000826620005-2"



. ACCESSION NRi AP4036408 © 8/0030/64/000/004/0158/016Q

AUTHOR: Krokhin, 0. N.... |

]

TITLE: 1Investigations {n quantum radiophysics (scientific session) l

. 1

SOURCE: AN 855R, Vestnik, no. 4, 1964, 158-160 |

]

TOPIC TAGS: 1laser, laser confervence, laser research, semiconductor
laser, gas laser, ruby laser, Raman laser -

ABSTRACT:t A sciantific session on quantum radiophysics was held
11-12 Decembar 1963 undgr the auspices of the Department of General
and Applied Physics at zhe Institute of Physics im, P, N, Lebedev.

- The reportsdealt mainly with the state of research in quantum radfio=
physics, with particular attention given to lasers and their appli-
cation. A, H. Prokhovov presented an introductory repcrt on general’
principles and problems of quantunm radiophysics in the microvave,
optical, and other ranges, He pointed out that in the microwvave .
range the employhent of maser generators and amplifiers has been very
succeseful, Because of\thcl(‘frcqulncy stability, masers can be

Card 1/4 Y ! Sy
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utilized as frequency standards. 1In the optical range lasers make'
it possibleto obtain a luminous energy in excess of several hundreds
of joulen in & comparatively long pulse (10 3 sec) or a highpower up
to 10°—10% v 1n a short pulse (10°°=—10"7 sec), so that by focuaing
the radiation the electric fields may have an intensity of up to 10
v/cm, Ionization of atoms, dissociation of molecules, and destruction
of crystal lattices are possible in such fields, Some of these pha-
‘nomena werd observed experimentally, Yu, M. Popov presented a report
on semiconductor lasers based on a p~n transition oparating in both |
pulsed and continuous modes with high efficiency (higher than 60%) !
‘but with a stability of radiation frequency of only 10 ¥ — 1075 tn '
absolute units. A number of currently availablc semiconductor.
lasers are based on gallium and indium arsenide, .indium phosphide,
and the gallium arsenide~phosphide solid solution, A, N, Orayevskiy’
presented a report on gas lasaers, Thesse Renerators Bosuess great
monochromaticity and frequency stability (up to 10~ in absolute
units) and small beam divergence, I, [, Sobel'man discussed lasers

basad on Raman saattering, used for obsarving the forced Raman affeat
and for the 3oncratton of coherent radiation, The Raman laser based

"Card 2/4 o
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on Stokes lines does not require population inversion to achieve neg-
ative absorption, A similar situation occurs in the case of indirect
transitions i{in samficonductors., The forced Raman effect is considerad
very suitable as the basis of wideband laser amplifiers pumped by
sources of broad spectral composition., A..M, Bonch~Bruyevich, A, L. |
Mikaelyan, and N. D. Devyatkov presented a saeries of reports dealing:
with coancrete types of lasers. B, K. Vaynshteyn reported on laser !
crystals, The reporte of M. P, Vanyukov and A, M., Leontovich dealt
with various modes of oscillations arising in lasers. Nonlinear
effects, the generation of secondary and higher harmonics, super-
position of radiation frequencies, phase modulation, and parametric
generation were considered, Yu. L. Kokurin discussed the ranging of
the Moon with the aid of a ruby laser mounted in the focus of a tele=
scope at the Crimean Astrophysical Observatory. G. A. Askar'yan
reviewed a number of works dealing with the investigation of plasma
and the interaction between monochromatic luminous radlntﬁon and wol~
ecules, L. N, Kurbatov discussed the application of stable lasers |,
for measuring low velocities with the aid of the Doppler effact. !
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 SOURCE1 Zhurnal tekhnicheakoylflzlki, Ve 3@, no., 7, 1964, 1324-1327 F

1

. S TOPIC TAGS: plasma heating, laser plasma heating, laser, conérolled

; thermonuclear reaction, controlled fusion reaction

1

: ABSTRACT: Basov and Krokhin (Zhurnal skuperimental'noy { teoreti~ :
cheskoy fizlkig ve 46, 1964, 171) have previously analyzed conditions.
under which 107=-watt las?r emission can heat high~density plasma to )
a temperature of 10°~—10 K. - Energy transfer was assumed to be ,
accomplished by a short powerful pulse focused on the plasma surface,,
The present paper treats a different case wherein the heated volyme,
' has i{nitially a near~zero plasma density which then rises éue to
-evaporation of materfal from.the containing walls. 1In this manner,
,laser emission is affactively converted into heat during the entire
,process, Tha feasibility of this concept {s shown by proving that,
:uqdct certain conditioms, the product of the absorption coefficient.
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and the linear dimensions of the system .{s constant .and . close to unity
‘during all stages of heating., These conditions can be realized by
focusing the laser emission into a narrov and sufficiently long conical.
cavity so that material ts vaporized fron the inner confical surface.
;The author proves the theoretical principle by considering a one-

i

|

i

i

dimensional problem of heating plasma confined betwgen two parallel
planes. The far plane represents the vapori{zed surface. The analysis

concludes that 4/7 of ghe total laser emission energy is spent to heaF
plasma and 3/7 to vaporize and create plasma. The process is limfted

' by emission power; the pulse length must be less than the plasma |

dispersion time but more than the denaity cqualization time. Thus,

’Q < 100y for a system length of 107" em, The laser pulse heating
of plasma can be used to make = pulsed scurce of neutrons generxated

|
Il
{f ¢~ 107" sec, Q < 10° v for a system length of 107° cm, and 1
|
in thermonuclear reactions, Orfg, art. has: 15 formulas. . ?

i 7 .
, ASSOCIATION: Fizichenkiy institut imeni Lebadeva AN SSSR
. | (Plrysics Instituta, AN SBSR) . ,
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. AUTHORS: Basov, N% G.; Krokhin, O. N.

TITLE: Conditions for heaéi.‘xﬁi;“;“é‘ia‘sma by radiation from a laser
SOURCE: Zhurnal eksper. i teoret. fiz., v. 46, no. 1, 1964, 171-175

TOPIC TAGS: plasma, plasma heating, pulsed heating, pulsed plasma
heating, laser plasma heating, optical radiation absorption, optical
radiation absorption coefficient, plasma thermal conductivity, elec-
tronic thermal conductivity, gas dynamic plasma expansion

ABSTRACT: The feasibility is examined of using a laser to heag a
m at

depterium plasma with ion_density of the oxder of 3 x 107" ¢

a femperature close to 10° deg. The optical radiation absorption
coefficient is calculated to be approximately 102 em™!, showing that
effective absorption occurs up to high plasma temperatures. "It is
shown that at the plasma temperature the energy loss in the plasma
is due essentially to electronic thermal conductivity and amounts

to 1.3 x 1017 erg/sec., Allowance for the gas dynamic expansion of
the plasma also ca)rls for additional laser power. It is concluded

1/2
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that a laser power of 109 W with flash duration of.10-8 sec is capable |

* of heating a hydrogen plasma to somewhat below 10’ deg, although the :
practical realization depends essentially on the progress in laser 1
development. “The authors are deeply grateful to L. A. Artsimovich !
and V. I. Kogan for a discussion of the results of the work.* Orig. ;
art. has: 11 formulas.
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Optical. oxcitation of gemiconductors

2: Zhe olopors & teors TiZe, Ve 16, no. k4, 1964, 1508-1510

TOPIC TAGS: laser, semiconductor lasor, naaochrazatic rediaticn, ccherent
reddatich, recanbinatican rodiation, optical pmping, optical excitatim,

resonant cavity

! ABSTRACT:

guency slightly highor than

1g investigated theoretic

is suggested os

Tt i5 pointed out thab vhe

Ho + Hp & Ferni quasi-levels £
incident photans Buéye

10 radistica vith & fre-
jc obsorption band

For scme frequency band s

inversicn is achieved and oscillation may becams pcqsi’ole.
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ACCESSIGN MR: AP}031193 .
the mininuy intensity of incident radiatica Jmin necessary to reach the
threshold for ug + Np correspmnding to the ceoillaticn threshold s derived,
It 1s ahom that vhen cseillation ooonre Me :rp), rozaing oonatant for a wide
range of J » Jidne At o very high intensity of iwdiatiom (3 %Jain), vhen can-
siderable heating of electran-hole gas takes Place, the systen becames & highly !
efficient converter of inccherent into ccherent radiaticn, with efficiency -
cpproaching 100%. ]
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ZUYEV, V.S.; KROKHIN, O.H.

Two conferences on lasers and their vees held in London and
in Geneva, Vest, AN SSSR 35 no.4:80 Ap '£5.
(MIRA 18:6)
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{

' i TITLE: Quantum olootronics research —
i SOURCE: AN S83R. Vestnlk, no. 6, 1965, 101102 !

! T

f PN e ot Lt -
i ’ ’iuPIC TAG3:  quantum olectronics, olectronic conference, laser, semiconductor laser,
asor optlcs

ABSTRACT: /A session of the Department of General and Appliced PPhysics of the
! Physics Institute im, P. N, Lehedey"{Amdcmylgg_..S‘_gi_c_n_cg:s USSA, held

in the Soviet Union on 17-18 March 1965 was devoted to quantum elec-
tronics and microwave propagation, The lectures on quantum electronics
were concerned exclusively with results of research conducted in the
leboratory of N, G, Basov, Corresponding Member of the Academy of
Sciences, \.{‘\_ )

The lecture by O. N, Krokhin dealt with high-intensity lacers and
their applications in physics, - The very high {ield intensities (107~ 10° v/am)
and high concentration of energy in the light wave which can be achieved f

[ Cord 1/3
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: with such lasers make it possible to investigat: nonlinear effects agd /
the cifeels of thermmal interaction with various materials, Krokhin deseribed ! |
hig research with an 8-j laser (10-2 see pulse duration) in heating var-
‘lous substances al a focal point of the optical S7stem.,  The energy density
in such experiments wasg greater than 3 x 102w /cmn? and the tempera- / B
tures attained were 100,000-;1 200,000K, : : ‘

W s

0, Vv, _Qg[.(glgg_}ggg_igh%escribed the state of the art of ¢lectron-beam -
pumpad semiconductor lasers, pointing out that fabrication of such lasers
helped to expand the wavelength range for laser action (the range now
| extends from 0.5 to 5.5u), The efficiency of svch lasers is about 7%
i and their oulput is several kilowatts per pulse, Iilectron-beam-—pmnpcd
| lasers bave much greater power output potential and their coherence can
| be made to approach that of lasers fabricated from various crystals,
| \
: {g_.ﬂ___?l'{’._wgwgggnxl;_d;scusscd optically execlted semiconductor lasers
f from the standpoint of high-efficiency conversion of noncoherent radiation
i into coherent radiation, Pregent optically pumpod semiconductor lasers |- -
i have on efficiency of about 4% and a power outpu: of up to 10 kilowatts, ;
j The thickness of the active arca responsible for laser action has been B i
: increased to 1 mn, Grasyult also digcussed some results on the nonlinear i
| #baorpion of light in semiconductors,
b Cord 2/3 B S 1 4 &
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A. M. Orayovskly prosonted a theoretical analysis of multimode oscillations (talking
phase rolationships into account) and obtained theoretically an unattenuated regimo
with a timo-rodulatod amplitude aimilar to tho splkes obsorved in laser emiszsion,
.+ Ge Ma Strakhovskiy doseribod a mothod An which a hydrogoen boam laser is used for
dofersdning the relaxation rates of active molecules, JFSB:r v. 1, no. 12

SUB CODEt+ EC, OP / SUBM DATE: none
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cc ESSION NR: ~AP5022695 wo/ UR/OlBl/65/007/009/2612/2219
: /
:AUI‘HOR° Krokhin, 0 N. W”\ | , 74

B8
TITLE: The amplification coefficlent and the saturation effect in homogeneously
‘axcited semiconductors - Y /
i i 6>

SOURCE: Fizika tverdogo tela, v. T, no. 9, 1965, 2612-2619

TOPIC TAGS: 1laser, semiconductor laeer, stimuleted emission, population inversion,
amplirlcation, absorption coefficient ; "M

ABSTRACT An attempt is made to determine the nost important effects determining
‘the properties of the emission line and, therefcre, the coefficient of absorption,
and to establish approximate relationahips for aimplifying the further analysis of
the operating regime of homogeneously excited semiconductor lasers. Homogeneous
excitation applies to lasers with active regions the thickness of which exceeds con-
elderably the wavelength of the emitted radiaticn, i.e., to electron-beam-pumped
lasers and lesers excited with phoburg with an energy exceeding the width of the for-
bidden gap. In the case of direct transitions, a formula is derived for the amplifi-
cation coefficient which is then used tc obtain the oscillation criteria for such ?
11n.sers. 1.e., for the threshold value of the sur of the quasi-Fermi levels of elec-

‘Curd 1/2 e
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trons and holes. Rate equations are used in an analysis of the saturation effect.
The electrodynamic anslysis of syatems considered in this paper differs considerably
from that for a two-level laser, due to the uniqueness of the relaxation processes
in semiconductors with wide energy bands and broad emission lines of the order of

kT. Orig. art. has: 26 formulas. {cs] |
ASSOCIATION: Fizicheokiy institut im. P. N. Letedevd,,Mseeow '(Physica Instituts) ”t/"
SUBMITTED: 20Feb65 o ENCL: 00 BUB CODE:ECES

i
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AUTHOR: Krokhin, O. N.; Uspenskly, A. V.

T A g

ORG: Physics Institute im, P. N. Lebedev AN SSSR, Moscow (Fizicheskiy institut AN

SSSR)

TITLE: Asymmetry in the excitation of oscillation modes in semiconductor lasers
SOURCE: TFizika tverdogo tela, v. 8, no. 2, 1966, 511-514 2{/}/7 ‘,/‘;,P
TOPIC TAGS: laser theory, semiconductor laser, laser » f?

"ABSTRACT: The authors study the excltation of axial modes in semicondwitor lasers.
‘It is assumed that both the amplification factor and its spectral form are functions
‘of the degree of inversion in the semiconductor. The case of direct interband tran-

sitions in a uniformly excited semiconductor laser is studied. The analysis is
based on rate equations for the chemical potentials of the carriers and the number
of photons. It is shown that the relationship hetween the amplification factor and
the degree of inversion (the shift in the maximum and the change in form) results
in asymmetric excitation of axial modes. This sxcitation is weakly asymmatric when
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o Hows
emission begins far frcm the edge of the band, while excitation is totally asymme t-
ric when tne first mode is excited so close to the edge of the band that the fre-
quency of the next longer mode is located beneath the edge and excitation cannot
‘occur. "In conclusicn the authors thank N. G. Basov and P. G. Yeliseyev for dis- .
,cussing the results and for valuable comments! Orig. art. has: 8 formulas. [14] ..

_SuB CODE: 20/ SUBM DATE: 15Jun65/ ORIG REF: 001/ OTH REF: 002/ ATD PRESS:

4217

' card 2/2 St/

s s e e
BREd o

APPROVED FOR RELEASE: 06/14/2000 CIA-RDP86-00513R000826620005-2"



"APPROVED FOR RELEASE: 06/14/2000 CIA-RDP86-00513R000826620005-2

“F ‘o). * 7 L

APPROVED FOR RELEASE: 06/14/2000 CIA-RDP86-00513R000826620005-2"



"APPROVED FOR RELEASE: 06/14/2000 CIA-RDP86-00513R000826620005-2

R S - PR Ed [

APPROVED FOR RELEASE: 06/14/2000 CIA-RDP86-00513R000826620005-2"



i L

"APPROVED FOR RELEASE: 06/14/2000 CIA-RDP86-00513R000826620005-2

L 72763-£6 FRD/ENT (1)/ZEC (k)=2/T/ERP(X)/EHAID) I (S S L o ———
ACC KRy AP60O10975 SOUECE CODE: UR/OOSG/66/050/003/0551/0559 e
o
_ e /!
DANTHOR: Basovy, No 6.3 Grasyuk, A. Z.; Zubarev, L. G.; Katulin, V. A.; Krokhin, 0. N,
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JORG: Physics Institute im. P, N, Lebedev, Academy of Sciences SSSR (Fizlcheskly ;
‘{nstitut Akademii nauk SSSR) . !
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i
i

TITLE: Two-photon optically excited semlconducior laser ‘Z§’/¥kf

- SOURCE: Zhumal eksperimental'noy 1 teoreticheskoy fiziki, v. 50, no. 3, 1966, 551-559

TOPIC TAGS: laser, semiconductor laser, nonlinear optics, two photon absorption, -
optical excitation

ABSTRACT: The present paperis m expanded version of an earlier article on a two-photon
optically excited GaAs laser (Zhurmal eksperimental'noy i teoreticheskoy fiziki, '
pis'ma v redaktsiyu, v. 1, no. 4, 1965, p. 29; (see ATD PRESS, v. 4, no. 15, 1965,

{p. 9). It is pointed out that in calculating the coefficients of two-photon absorp-—
tion in CdC, R. Braunstein and N. Ockman (Physical Review, v. 134, no. 2A, 1964,

p. 499) neglected the interband states in the valence band and the interference tum
in the matrix elements, and thus arrived at incorrect results. Since a formula derived
by L. V. Keldysh (Zhurnal eksperimental'noy 1 teoreticheskoy fiziki, v. 47, 1964,

p. 1945) for the probability of multiphoton absorption gives a lower value than the
experimentally obtalned data for two-photon absorptlon, formulas are derived for the
probability and the coefficient of two-photon absarption in Gads, using the perturba-
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tion theory and taking into account the band structure parameters of GaAs. In addition
expressiom are also obtalned for the dependence of the excitation intensity on the
penetration depth of the exciting radiation into the semiconductor and the extemal
coherent quantum yield and its dependence on the internal losses in the laser and on
the length of the cavity. The calcuiated data are found to be in good agreement with
the experimental results. Orig. art. has: 18 formulas and 7 figures. {cs]
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ORG: Physics Institute im, P, N. Lebedev, Acedemy of Sciences SSSR (Fizicheokiy!
institut Akedemii nouk SS8R)

Z
PITLE: Heating and decay of & plasma produced by a giant laser pulae’l"focuacd on a
solid target

SOURCE: Zhurnal ckasperimental'noy i tooreticheskoy fiziki, v. 51, no. b, 1966, 969=
1000

TOPIC TAGS: glaws-nlase~lamy plasma decey, plasma disgnostice,laser application
Aaetm (/.iu«(aa(.—l:zw J )
ABSTRACT:Y The authors obtain the distridvution of the fudarmtil ge dynamics parancters o
the plasma produced by a giapt laser pulse focused on a solid target carbavsurfae durdng
its.ecarly decuy stages. The”’plasma was investipgated vith apparatus having a high time
resolution permitting ‘the rad{l of varlous regions of the flare %o be determined as
functions of the time, The experiments consisted of recording the charged-particle
flov to o shielded probe (Fig. 1), the glent pulse being produced by a neodymium-glaos
laser described elsewhere (ZhETF Pis'ma v. 2, 57, 1965). The motion of the luminous
plasma boundary vas investigated by high~specd photography with SFR-2M equipment at &
time resolution of 1.5 nsec. The motion of the internal region of the flare vas fol= L
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Fig. 1. Experimental setup for the de=
termination of the R-t diagrams of the

neutral boundery of the fiare, 1 - lenoa,

2 - gemitransparent mirror, 3 -~ lens, ' Laser :
I - aischarge gap, 5 = capacitor, 6, 7 N g g o o
- mirrors, 8 - probve, 9 = target. L |
VAR

|

e o .

|
‘

. . !o. oscilloscope o .
loved oy & shedow method with light from a laser pulse. The absorption in the flare
was determined indirectly by measuring the transmission coefficient, and the density
and temperature distributions in the flare were cstimated from the mecasurement results
as function of the laser power., A theoretical interpretation is proposed for the ev-
olution of the heat rise and motion of the flaxc, based on the simplifying assumption
that the problem has spherical symmetry and that the velocity varies linearly vith the
radius. The proposed theory is found to be in qualitative agreement with the exper-
imental data. The authors thank V. 8, Zuyev for colleborating in the experimente,
Oorig. art. has:y 10 figures end 15 formulas.
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i AUTHOR: Afanas'yev, Yu. V. (Moscow); Krol', V. M. (Moscow); Krokhin, 0. N. (Yoscow); | ¢
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TITLE: Gas dynamic prbcesaea during the heating of matter by means of a laser beanm
SOURCE: Prikladnaya matematika i mekhanika,v. 30, no. 6, 1966, 1022-1028
TOPIC TAGS: laser radiation, radiative hecating, thermodynamic process

ABSTRACT:

An investigation was made of the heating process and the gas dynamic
notion of matter subjected to the effects of a powerful laser beam. An
examination was made of the case when a bounded transparent mass of gas
was heated. The problem of the heating of an initially cold and motion=-
less gas, filling a space bounded by a vacuum, was also solved. The gas
dynamic approach for solving these problems was selected because at suf- —
ficiently powerful fluxes of laser radiation the rise in temperature is
accompanied by the formation of gas dynamic,motion of matter (evaporation),
- which itgelf exerts a substantial effect ¢i’the whole process of heating, —
. One of the features of the process which cbmJlicates solution of the prob-

PR 7 GO R
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lem is the dependence of the absorptive power on the state of matter during
its gas dynamic motion. On the basis of a system of equations for motion,

- continuity, energy, and radiation transfer, expressed in Lagrange coordi-

: nates, a system of differential equations was derived. The existence of

. self-gimilar motion was shown. The results of the self-similar solution

;! and of the numerical calculations were obtained and compared. A study was
made of the possibility .of employing the results obtainaed to describe the

~ heating and evaporation of matter from the gurface of a solid body under
the effect of a Q-switched laser beam. The authors thank N. G. Basov,

‘ 8. P. Kurdyumov, and A. A. Milyutin for discussing the problem and for .

. _their advice, and V. V. Novikova for her help in the numerical calculations.
Orig. art. has: 14 formulas and 5 figures.
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KROKHIN, §., mekhanik-nastavnik

A diving station on a ship bottom cleaning crang, Rech. tranap, 23
no,11:48-49 N 164, {(MIRA 18:3)

1, Volzhakoyo basseynovoye upravleniye puti,
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T, EROKHIN, SO AL, Tngy
2, USSR (600)
4. Concrete Consturction - TSimlyansk Hydro-Fleottto Fower Ctation
7. Repair of equipment in automatic concrete plants at the construction site of the
TSimliansk hydroelectric power development. Mekh.stroi., 9, no. 12, 1952,
9. Monthly List of Russian Accessions, Library of Congress, Arril 1953, Uncl,
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A.F,, red.; PETROV, G.D., red.; SARKISOV, M.A., prof., red.;
SARUKHANOV, G.L., red.; SEVAST'YANOV, V.I., red.; SMIRNOV, K.I.,
red,; GOTMAN, T.P,, red.; BUL'DYAYEV, N.A., tekhn, red.

(Continued on next card)
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ALEKSEYEV, G.P,—-=(continued), Card 2,

[Volga Hydroelectric Power Station; a technical report on the
deslign and construction of the Volga Hydroelectric Power Sta-
tion (Lenin), 1950-1958] Volahskaia gidroelektrostantsiia;
tekhnicheskil otchet o proektirovanii i stroitel'stve Volzhskoi
GES imeni V.I.Lenina, 1950-1958 gg., V dvukh tomakh. Moskva,
Gosenergoizdat. Vol,2.[Organization and execution of constrution
and assembly work)] Organizatsiia 1 prolzvodstvo stroitel'no-
montazhnykh rabot. HRed. toma: N.V.Razin, A.V.Arngol'd, N.L.
Trigel‘. 19620 591 Pe. HIRA 1632)

1, Deystvitel'nyy chlen Akademii stroitel'stva i arkhitektury
SSSR (for Raszin).
(Volga Hydroelectric Power Station (Lenin)--Design and
construction)
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